THESE experiments were undertaken for the purpose of determining whether it would be possible to immunize an animal with splenic extracts so as to obtain a serum which would produce specific lesions in the spleen or lymphoid tissues generally, when injected into suitable animals, or if the general and specific effects observed could be referred to a haemolytic action. The investigation was further extended to the action of these immune sera on the blood and tissues, with special reference to the production of fatty degeneration, cell necrosis, and the formation of " hemolymph " glands.
and the results noted. The various doses used and certain modifications, such as the effect of heating the serum, will be subsequently referred to. As soon as possible after the death of a guinea-pig a complete postmortem examination was made. Certain of the animals used recovered more or less completely, and these were killed and examined after a week or more, according to circumstances. A thorough macroscopic survey was first made, and then portions of the various viscera, together with the inguinal and mesenteric glands, were taken for microscopic examination. In certain instances the heart muscle and diaphragm were also examined. Paraffin sections were cut and then stained by haemalum and eosin, Leishman and van Gieson's method. Staining for the free iron reaction was also undertaken, and gum sections were cut and treated with Scharlach R. for fat and with methyl violet for amyloid changes. Sinears were made from the splenic surface, the bone marrow, and sometimes from the peritoneal surface and blood. These were stained with Leishman's stain and examined under the oil immersion lens, while in some instances differential counts were made. In a few cases the phagocytic power of normal washed human leucocytes was tested upon a 5 per cent. suspension of guinea-pig's red cells and of guinea-pig's spleen cells in the presence of normal, of immune, and of heated immune rabbit's serum.
Preparation of Hzmolytic Serum.
A serum haemolytic for guinea-pig's red cells was prepared by injecting guinea-pig's red cells into rabbits. The blood was obtained direct from the heart or axillary artery, and collected in normal citrated saline solution.' From 8 c.c. to 10 c.c. of this citrated suspension of red cells were injected intraperitoneally into rabbits bv a similar method to that emnployed in preparing cytotoxic serum. After the course of injections was completed, the rabbit's serum was drawn off from the carotid artery and used to inject guinea-pigs intraperitoneally. The results were noted, and complete autopsies were made on the pigs. I In the first two experiments the red cells were washed previous to injection in three changes of saline, but as this precaution did not affect the experiments in any way, it was discontinued. The important fact was thus demonstrated that a serum of equal haemolytic potency was obtained whether the rabbit was injected with blood-cells and plasma or with blood-cells only. The rabbits furnishing the immune sera were in good health when killed. Owing to the imlpossibility of obtaining splenic extract free froni blood in the case of guinea-pigs, the following modified technique was devised with a series of cats in order to overcome the difficulty: The aniimlal was anaesthetized and first bled from the carotid through a cannula into sterile citrated saline; a second cannula, previously inserted into the jugular vein, was then opened, and saline solution' at 37°C. was washed through the vascular system until the issuing streanm was seen to be clear and almost free from colour. When the abdomen was finallv opened up and the splenic vessels cut across, it was found that the saline gushed out at first reddish in colour, but that it soon became colourless and that all the viscera were remarkably pallid. Microscopic sections of the spleen were obtained, and proved this organ to be quite bloodless. The splenic extract was then prepared and used to inject a rabbit intraperitoneally. Another rabbit was at the sarme tiime injected with the cat's red blood-cells. These injections were repeated at regular intervals of ten days, and the general technique was the saine as that previously given.
Finally, two series of cats were injected intraperitoneally with varying doses of the splenic cytotoxic and heemolytic immune sera obtained fromn the treated rabbits. When the cats died complete autopsies were imiade, and the findings in the eats injected with splenic cytotoxic serumii comupared with the results in the other series inoculated with the hiemolytic serum. In certain instances the sera were heated before injection (twenty mlinutes at 60°C.) and other modifications introduced.
The post-milorteimi examinations included not only all the observations previously recorded when dealing with guinea-pigs, but also a chenical and spectroscopic examination of the urine.
Experimiients in Vitro. Froml-timne to timne throughout this research the action of both the h-itemi-olytic and cv-totoxic iinmune sera was tested on a 5 per cent. suspension of washed guinea-pig's red cells and cat's red cells nmade up in normlal saline. After the red cells had been obtained in citrated saline solution to )revent clotting, they were centrifuged and subjected to two further washing,s in normal saline solution. All excess of saline was 0-85 per cent. sodium chloride in tap-water.
)ipetted off and then the red corpuscles were used in making the observations. The strength and dilutions of the immune sera used will be referred to later. A constant volumiie of red cells was placed in a set of ha3eiolvtic tubes atnd then the immune serum was added diluted with normal saline in varying )roportions. The tubes were sealed up, incubated for two hours at 370 C., and subsequently placed in the ice chest overnighlt. An examination of the tubes was made next mlorning and the amount of helmolysis noted. Similar experiments were atlso conducted with heated serumii, and control tests were employed with normal serumii.
Serumil was subjected to the direct action of moist heat in the following way: The serum tube, after being sealed up, was placed in the bottoni of a test tube containing sufficient water at 580 C. to cover three-fifths of the tube. The test tube itself was then transferred to the well of an oven filled with water kept to the temperature of 580 C. by a gas regulator. The heating was continued for twenty minutes or iuiore, and, in certain instances, a temperature of 60 C. was used and the heating carried out in a precisely similar imanner.
Examinatio7i of the Rabbits' Blood.
In the earlier portion of this research the blood of the rabbits was examined during the time the injections were given with a view to the elimination of sepsis. The results were noted in the case of four rabbits injected with guinea-pig's splenic extract and of one injected with guineapig's red cells. The examinations were made immediately before a fresh injection. An analysis of fromi forty to fifty blood-examinations thus mnade showed that in the rabbits undergoing inoculation there was never a large leucocytosis, and in the differential count the polymorphonuclear cell was never the predominant one at the end of the treatment. In other words, the blood-examination did not suggest the presence of coinplications of an acute inflammatory nature.
In everv instance the rabbits and cats when killed were healthy, except for the presence of a little peritoneal thickening and a few adhesions at the site of inoculation. Therefore the immune sera used in our experiiiieInts were obtained fronm animals in a sound condition, and the success of the precautions against infection during the inoculations was proved. In aii investigation like the present the importance of eliminating sepsis cannot be over-estiimated.
GENERAL RESULTS.
The General Results which Followed the Injection of the Sera.
Under this heading are considered the more immediate and clinical effects which followed the administration of cytotoxic and haemolytic sera. In addition, the broad results are noted of those experiments in which either the sera were heated or else treated with red cells in the hope of removing the haemolysin, and of the few cases in which animials of one species were inoculated with sera immunized for animals of a different species.
(a) General Effects of Cytotoxic Sera. These sera were obtained froin rabbits which had been treated with the spleens of guinea-pigs or cats in the manner previously described. Seven rabbits were injected with the spleens of guinea-pigs and one with the spleens of cats. The cytotoxic serum so prepared was used to inoculate twenty-four guineapigs and three cats. The sera of the various animals thus immunized showed some individual differences in potency. In the case of one rabbit which had received nine injections, lasting over a period of three months, a seruin was obtained of somewhat higher toxic powers than the sera from the other rabbits; 1 c.c. of this serum killed a guinea-pig in a few hours, whereas a guinea-pig recovered after receiving 5 c.c. of the serum of another rabbit. On the whole, however, the effects produced by the serum from the different rabbits were fairly constant, and death of the guinea-pig, as a rule, resulted when the dose exceeded 1 c.c. In each series of guinea-pigs the fatal effect coincided in time with the amount injected, and death took place in from a few hours to three days or more. The immediate result of the injection was, in most instances, a condition of severe shock; a partial recovery then frequently took place, to be followed later by relapse and death. In those experiments in which cats were injected small doses of serum in comparison with the body-weight of the animal proved to be fatal. These animals died in from two to three days, and showed marked symptoms from the time of inoculation; they became listless, dyspnceic, their conjunctivae assumed a distinctly yellowish tinge, and they developed haematuria. In those experiments in which an animal had been injected with the spleens of a second animal, and its serum used to inoculate another species of animal, no toxic effects were obtained; thus a pig received 5 c.c. of the serum of a rabbit which had been inoculated with the spleens of cats and remained perfectly well; whereas a cat on receiving the same dose of the same serum was dead in twenty-four hours. In another example a cat received 5 c.c. of the serum of a rabbit immunized with guinea-pig splenic emulsion without any untoward effect, while a pig was killed in a few hours by a similar dose of this serum. The effects of injecting heated serum were contrasted with those of unheated serum in the case of a few animals, and it was found that the serum thus decomplemented was slower in its action and had less immediate toxic effect, but did not differ materi'ally in its final result. For example, a guinea-pig was given 2 c.c. of heated immune rabbit's serum and died in thirty-six hours; three pigs in the same series which received I c.c., 1 c.c., and 21 c.c. unheated serum died in twelve, five, and two hours respectively. A few attempts were made to eliminate the haemolytic action of the cytotoxic sera. In one experiment the serum was saturated with red cells in vitro,' but the general effects produced by it were in no way diminished. In two other instances guinea-pig's red cells were introduced into the peritoneal cavity of a pig immediately before the injection of the immune serum. The results of this proceeding were to avoid the prelinminary shock and to prolong life. To cite an instance, a guinea-pig was inoculated with the red cells of a normal guinea-pig and immediately afterwards with I c.c. of immune serum; it died in twenty-four hours. A second pig received I c.c. of the samne serum only and was dead in five hours. It will be seen that these results are comparable with those obtained by decomplementing the serum by heating it.
(b) General Effects of Hwrnolytic Sera.-These sera were obtained from rabbits which had been treated with the blood of guinea-pigs or cats in the manner described above. Three rabbits were injected with the blood of guinea-pigs and one with the blood of cats. Ten guineapigs and three cats received injections of the sera of these rabbits. The serum obtained from one rabbit which had been given nine injections, lasting over a period of three and a half months, was slightly more toxic than the sera of the other rabbits; doses of 1 c.c. and 3 c.c. killed guineapigs in two hours. The haemolytic sera as a whole appeared to be rather more deadly than the cytotoxic sera, the injections of the former being invariably fatal, but in no instance was a dose less than 1 c.c. given, whereas in the case of the cytotoxic sera very small doses, such as IL c.c. and -21 c.c., were occasionally used; however, recovery exceptionally took place after as much as 5 c.c. of cytotoxic serum. Death followed
This serum was not proved to have entirely lost its haemolytic property before inoculation.
the injection of the heemolytic sera in from two to forty hours. In the experimrients in which cats were injected a train of symptoms was set up precisely similar to that obtained with the cytotoxic sera; the onset of the syinptoms, however, was more acute, and death took place more rapidly. In one experiment 1 c.c. of the serum of a rabbit which had been immunized with the blood of a cat was injected into the peritoneal cavity of a guinea-pig and no ill-effect followed; a similar dose given to a cat killed it in twenty-eight hours. The result of this experiment is analogous to that obtained in a similar series of experiments on cytotoxic sera. The object of these tests was to demonstrate the specific nature of the immune serum employed. The effects of injecting heated haemolytic sera were contrasted with those of unheated sera in a few instances. The difference was found to consist in a diminution of the initial shock and in a postponemnent of death. For exami1ple, 8 c.c. of the heated hwemolytic serum of a rabbit killed a guinea-pig in eighteen hours, whilst doses of 3 c.c. and 10 c.c. of unheated serumii caused almnost immediate death; in the case of another rabbit 3 c.c. of serum killed a guineapig within twelve hours, while with a dose of 4 c.c. of heated serum life was prolonged for twenty-four hours. In two instances attempts were made to elirlinate the hemolytic action of these sera. In one case the serum was saturated with guinea-pig's red cells in vitro, and no alteration whatever in the toxic properties of the serum for the guinea-pig was produced. In another case a guinea-pig received an intraperitoneal inoculation of guinea-pig's red cells, immediately followed by -c.c. of heemolytic serum; the animal recovered. Two other pigs were given 1 c.c. and 3 c.c. of the haemolytic serum only; both died in two hours. The saturation of the serum with red cells in vitro appeared to have no effect on its subsequent action; when, however, the serumii was perilmitted to act upon the red cells in the peritoneal cavity of the animal a illarked difference in its toxicity was obtained. The animal in question was the only one to recover of all those which received haemolytic serunm.
Summary.
So far as the general results of injecting these sera are concerned the ultimate effect appears to be the same whether a cytotoxic or a hamolytic serum is employed. On the whole, the hwmolytic serum was more rapid in its action than the cytotoxic. The act of heating the sera, whether cytotoxic or haemolytic, merely postponed death. In the case of the cytotoxic sera attempts to remove the haminolytic action had no more effect than that obtained by heating the serum. In (a) Following the Injection of Cytotoxic Sera. The post-mliortenm changes varied considerably with the dose of ser-um em-nployed and the time which supervene(d before death. In those aniimials which recovered an(d were subsequently chloroformed practically no naked-eye changes were observed. The imiost characteristic appearances were seen in the animiials which died in a few hours and after a large dose; in these eases an excess of fluid was often present in the pleural and peritoneal sacs, andl in a considerable proportion of the guinea-pigs numerous small htieorrhages had occurred, chiefly into the peritoneum and mesentery, but also into the pleural surfaces of the lungs, the p)ericardium, the viseeral surfaces, into the imuseles, and rarely in the stomiach. The most striking changes were seen in the spleens. These were greatly swollen, softened, atnd congested; their colour varied from purple to almost a jet blaek, causing themn to stand out in inarked contrast to the remaining viscera, whieh were, as a rule, abnormally pallid. In the inajority of postmlortems, ineluding those on the animnals which had reeovered, a few red or dark-coloured glands, of an appearance suggesting hamolymuph glands, were found in the groin, while the inesenteric glands were often considerably enlarged and sometimes dark in colour. In one case the simiall intestine was deeply con-gested, and in another case it was filled with a deeply blood-stained fluid. The appearances in the cats were even imiore pronounced: the fat was of vivid primiirose yellow colour, and the viscera and conjunctivae had a marked " icteroid " tinge; the liver and kidneys were extremely pale, the spleen swollen and blue black. Blood-stained urine was present in the bladder, but there were no hmmorrhages. When the serum was heated before injection, changes resulted slinilar to those which followed the unheated serum.
(b) Following the Injection of Hwmolytic Sera.-The changes found at the post-mnortenms in this series of animals were very similar to those present in the animals which had received cytotoxic sera. An excess of peritoneal fluid was usually present, heemorrhages were particularly abundant, and, in the case of two pigs which died within two hours, the small intestines were filled with a deeply blood-stained fluid. Enlarged and red lymphatic glands were numerous, but the spleen-changes were not so constant as in the cytotoxic cases, and in some rapidly fatal cases the spleens appeared normal to the naked eye; in those cats, however, which received htemolytic sera the spleens were as large and as black, while the other changes were practically identical with those observed in the cats which had been given a cytotoxic serum. No difference resulted from the heating of the haemolytic sera nor from previously saturating the sera with red cells in vitro. The one pig which was given one injection of pig's red cells. followed by 1 c.c. of haemolytic serum, recovered and no naked-eye post-mortem changes were found other than a few somewhat enlarged and reddish lymphatic glands. In three separate instances we found that serum obtained froin an animal of species A, by immunizing it against the splenic extracts or red cells of one of another species B, was innocuous when inoculated into a third animal of species C, and nothing abnormal was to be seen post mortem in the latter. In one pig, however, which had been given 5 c.c. of the serum of a rabbit immunized with the spleens of cats, a few diaphragmatic haemorrhages were present, but the spleen and other viscera showed nothing abnormal.
(II) Histology of the Organs.
A histological examination was made of the spleen invariably and of all the more important viscera in the majority of instances, and it was frequently found that marked pathological changes were present in viscera which appeared perfectly normal to the naked eye.
The Spleen.
(a) After Injecting Cytotoxic Sera.-In the most typical sections the splenic sinuses were so widely distended and so filled with red bloodcorpuscles and endothelial cells as to render the tissue almost unrecognizable as that of the spleen; in the Malpighian corpuscles, however, the changes were much less pronounced. One of the most striking features in the specimens was the extreme amount of phagocytosis which had taken place, the large endothelial cells being packed with red bloodcorpuscles and golden brown pigment. The endothelial cells in some instances contained much more pigment than red cells. In the Malpighian corpuscles the endothelial cells not infrequently contained small lymphocytes and occasionally red blood-corpuscles-as a rule the phagocytosis in this situation was slight; here also fragmentation of nuclei was frequently well showvn and mitotic figures were present. In the sinuses granular debris was common, agglutinated masses of red cells were met with, and in other cases the red cells were haemolysed. In some instances these changes were much less marked, and very occasionally, when very small doses had been given, little abnormal was seen in the sections. In those experiments in which the serum was heated before injection or in which pig's red cells were added, similar changes were found in the spleen. The iron reaction, although always tested for, was generally poorly shown and occasionally absent; the golden brown pigment above referred to, which constituted a marked feature in many of the sections, did not give the true iron reaction.
In the large majority of instances smears were made from the splenic juice and the degree of phagocytosis was noted. The following are typical examnples: One hundred endothelial cells were counted, of which twelve were phagocytic and had engulfed nineteen red cells; in another instance a similar numuber of red cells were counted-fifteen were phagocytic and twenty-six red cells were engulfed. The phagocytosis thus observed in the smears was considerably less than appeared in an examination of the sections.
(b) After Injecting Hmrnolytic Serum.-A careful comparison of the splenic sections fromii the animals in this series with those of the cytotoxic series failed to discover any points of distinction. Changes precisely similar in degree and kind were effected in the spleens whether a splenotoxic or heemolytic serum was injected, and it may be recalled that in the case of the cats every precaution was taken to render the spleens bloodless.
Histology of Glands.
(a) Cytotoxic.-The lymphatic glands were examined in the majority of cases, and were taken from the mesentery and from the groin. The mesenteric glands as a rule were considerably enlarged, and sometimes mottled with dark areas; the glands of the groin more frequently appeared normal, but in some instances the naked-eye appearance was suggestive of haemolymph glands. The most typical changes were found in the enlarged mesenteric glands; the glands of the groin, however, were occasionally similarly affected. Sections of the glands in typical cases showed under the low power considerable areas in which the lymphoid cells had disappeared' and the gland trabeculae stood out, lying among a tissue of loose texture; the germinal centres were as a rule poorly defined, the general appearance of the section resembling ' This change was possibly due to the action of the immune sera.
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a partially wasted spleen rather than a lymphatic gland; subcapsular haemorrhages were not infrequent. The open spaces under the high power were seen to consist of sinuses containing red cells, endothelial cells, scanty lymphocytes, blood debris, and golden brown pigment; the most striking feature of the sections was the extreme degree of phagocytosis present in these sinuses; numbers of the endothelial cells were distended with engulfed red blood-corpuscles, which in some cases were so closely packed within the cell that it was impossible to enumerate them; less frequently the endothelial cells contained the pigment. Section of the spleen of a cat which died in fifty-six hours after an intraperitoneal injection of 5 c.c. of splenotoxic serum. Section shows replacement of the lymphoid tissue by large areas of blood and golden brown pigment. Large cells containing red blood-corpuscles seen throughout the section. (Eyepiece B, objective .) Phagocytosis was proceeding also in the lymphoid nodules, and here the cell most frequently engulfed was the lymphocyte. Polynuclear neutrophile cells as a rule were extremely scanty; in one case, howevernamely, in the nmesenteric gland of a pig which had received 2 c.c. of heated cytotoxic serum and died in thirty-six hours-these cells were very numerous in the sinuses, and the endothelial cells were actively phagocytic towards them; red cells in this case were almost absent from the sinuses. In some of the glands numerous definite capillaries filled with red blood-corpuscles were found. Fragmentation of the nuclei of the mononuclear cells was a conspicuous feature in a few of the sections. A free iron reaction was only exceptionally obtained, and this reaction was not given by the golden brown pigment. Smears m-ade from the glands and stained by Leishman's stain showed little abnormal, the greatly predominating cell being the small mononuclear,
Section of spleen of a guinea-pig which died in eighteen hours after an intraperitoneal injection of 5 c.c. of splenotoxic serum. Marked distension of the splenic sinuses with blood, and these also contain numerous large mononuclear cells packed with red blood-corpuscles. Very little lymphoid tissue remains except in the Malpighian corpuscles. (Eyepiece B, objective 23.) the granular cells and the endothelial cells being proportionately scarce; nucleated red cells were usually absent; very little evidence of phagocytosis was found in the smears. While these changes in the glands have been described as typical, and were present to a greater or less extent in the majority of the glands examined, all gradations were observed, and in a few of the glands but little or nothing abnormal was noted. The extent to which these changes had advanced did not seem to have been affected by the dose of the serum given, by the heating of the serum, by the attempts to remove the haemolytic action of the serum, nor by the periods which elapsed between the inoculation and the death of the animal.
(b) Ha3molytic.-The glands' of the animals which had received haemolytic sera were examined in the same way, and precisely similar changes were found.
FIG. 3.
Section of mesenteric gland from the same guinea-pig as in fig. 2 . There is replacement of the lymphoid tissue by large sinuses distended with bloodcorpuscles and containing endothelial cells packed with erythrocytes.
The Kidney. Very marked and fairly constant changes were present in these organs. The most obvious effects were produced upon the convoluted tubules; in this portion of the kidney the tubular epithelium was swollen, partially or completely necrosed, and the seat of extreme fatty degeneration; the lumina of the tubules was either obliterated by the swollen epithelial cells or packed with red blood-corpuscles. These changes of advanced necrosis and fatty degeneration were practically confined to the convoluted tubules, and as the straight tubules were reached the appearances changed abruptly-no fatty degeneration was present, the epithelium showed merely varying degrees of cloudy swelling, and only scattered red cells were present in the lumina. No casts were seen in the tubules. The fatty change in the kidneys was more marked and more thoroughly exanined in the case of the cats. In FIG. 4. Section of mesenteric gland of a guinea-pig which died in five hours after an iintraperitoneal injection of i c.c. of cytotoxic serum. Section shows replacement of the lymphoid tissue to a large extent by spaces containing endothelial cells and scattered lymphoid cells. (Eyepiece B, objective 2.) these cats it was found to be extremely advanced in those animals which died earliest, namely, in from twenty-eight to forty hours, and appeared before any fatty change had occurred in the liver; in those animals which died after a longer period, namely, after fifty-six and seventy-six hours, advanced fatty degeneration was now present in the liver. The gloliieruli were often filled with blood, and the epithelium of Bownan's capsules was sometimes shed, but no fatty change was present. Areas of haemorrhage and isolated red blood-corpuscles were scattered throughout the connective tissue of the kidney, and particularly in the cortical portion. Golden brown pigment was frequently present in the epithelial cells; a free iron reaction was usually absent.
In nearly every instance the urine in the bladders of these cats contained a large amount of albumin, and was a deep red colour owing to the presence of blood; no casts were seen, and the deposit contained blood debris only. Clumps of spermatozoa were almost constantly l)resent. The spectrumii was that of oxyhemoglobin and the urine contained no bile. The Liver.
The leading characteristic of most of the sections was the widespread areas of cell necrosis. Usually this was more marked in the centre of the lobules than at the periphery; in some of the sections it was best shown at the peritoneal surface; this might be due to the direct action of the serum on the liver. The hepatic cells showed all gradations, from complete necrosis to mere swelling and indifferent staining reaction. In some of the sections a large amount of pigment was present, especially along the course of the capillaries. Phagocytosis of red cells by endothelial cells was noted in some of the specim-lens. Fatty change was often well iimarked, particularly around the central veins, and in some instances had proceeded to an advanced degree. While fatty degeneration and cell necrosis were frequently present in the same section, the two processes appeared to be independent, and necrosis was more constant and often advanced when fatty change was absent.
A free iron reaction was often present, but never intense. Section of kidney of a cat which had received an intraperitoneal injection of 1 c.c. of haemolytic serum and died in twenty-eight hours. Section shows widespread fatty degeneration of the convoluted tubules, the glomeruli remaining intact. (Eyepiece B, objective . Stained with Scharlach R. and haemalum.)
Other Viscera.
The heart muscle and diaphragm were normal except in the case of one cat, where a slight fatty change was noted. The pancreas and adrenal glands frequently showed some areas of necrosis. The intestinal epithelium showed no fatty change, but the villi were occasionally necrosed. The blood-vessels throughout the viscera were as a rule engorged with blood.
The Blood and Bonie-mnarrow.
No bile was present in the serum, and the spectrum was that of oxyhaemoglobin in the cases examined. A few blood-filnms were stained for fat with a negative result. The bone-marrow was mainly composed of non-granular cells, the small mononuclears predominating. In a few instances the red cells were broken up to an extreme degree, the fragmented cells forming a granular background to the film; there was no alteration in the number of nucleated red cells. Phagocytosis of the red cells was slight in the marrow films, and no phagocytosis of the mononuclears was noted. The blood gave the spectrum of oxyhaemoglobin in every case. The serum was golden yellow in colour, but contained no bile and did not show a blood-spectrum.
IN VITRO.
Exper-iments with Immune Sera in Vitro.
In nearly every case experiments were conducted in vitro for the purpose of gauging the haemolytic power of the immune sera. The test was always made on a 5 per cent. suspension of guineapig's or cat's red corpuscles in 085 per cent. of sodium chloride. The method of making these experiments has already been sufficiently indicated. The serum was diluted in the usual manner for conducting in vitro experiments, and the highest dilution used was 012 per cent. of immune serum.
The Cytotoxic Immune Serum.
The sera were obtained by injecting rabbit's with guinea-pig's splenic extract. As is well known, the serum of a normal rabbit when added to the red cells of a guinea-pig produces hamolysis. In order to obtain a set of control experiments the hsemolytic action of normal rabbit's serun on guinea-pig's red cells was tested.
Syniopsis of Results with Immntune Sermw.
In the case of the first rabbit the experiment was performied after the fifth inoculation. Haemolysis was complete with an immune serum content of 12,6 per cent. and very slight with one of 025 per cent. One of the guinea-pigs which had received a dose of 2 c.c. of this immune serum recovered, and this animal's serum was tested against guinea-pig's red cells. No hmmolysis occurred.
In the case of the second rabbit the experiment was performed after the fifth inoculation. Heemolysis was complete with an immune serum content of 25 3 per cent., nearly complete with one of 12'6 per cent., and a slight action occurred in the presence of 012 per cent. of immune serumii.
In the case of the third rabbit the experiment was performed just before the seventh inoculation. Haemolysis was complete with an immune serum content of 2 5 per cent. and incomplete down to the last dilution of 012 per cent. When this serum was heated in a sealed tube at 580 C. for twentv-five minutes the hamuolytic action was destroyed.
In the case of the fourth rabbit the experiment was performed immnediately after the sixth inoculation. Henmolysis was complete in the presence of 2' 5 per cent. of immune serum and present, though slight, down to a dilution of 012 per cent. When this serum was heated for twenty minutes at 580 C. a very slight reaction was found with an imimune serum content of 506 per cent.
The experiment was repeated after the final inoculation, with the following result: Hoemolysis was complete in the presence of 2'5 per cent. of immune serum and incomplete in that of 012 per cent. The action was this time decidedly more powerful. When this serum was heated for twenty-five minutes at 58°C. the haemolytic action was destroyed.
In the case of the fifth rabbit the experiment was performed after the fourth inoculation. Hemolysis was complete with an immune serum content of 12'6 per cent. and very slight in a dilution of 012 per cent. of serum. The hoemolytic action of this serum on human red cells was only partial, and absent in the presence of 38 per cent. of immune seruiim.
In the case of the sixth rabbit the experiment was perforlued after the fourth inoculation. Hoemolysis was practically complete with an imumune serum content of 12'6 per cent. and just present with a dilution of 012 per cent. of serum. When this serum was heated to 60°C. for twenty uminutes all the hweinolytic action was destroyed. The immune serum obtained after death fromn this rabbit was also tested against guinea-pig's red cells. The result agreed with the previous experiment, except that heemolysis was absent in the highest dilution of 0'12 per cent. of immnune serum. In the case of the second rabbit the experiment was performed after the fifth inoculation. Hemolysis was complete in the presence of 12 5 per cent. of immune serum and incomplete, but marked, in that of 012 per cent. Heating to a temperature of 580 C. for twenty minutes destroyed hwmolytic action. On repeating the experiment after the eighth inoculation the immune serum was found to have slightly increased power. Haemolysis was then nearly complete with an immune serum content of 2'5 per cent. and rather more iiarked than before in all the higher dilutions. Heat applied for twenty minutes at .580 C. again sufficed to destroy the haemolytic action. In this case we reactivated the heated immune serum with guinea-pig's complement and repeated experiments reported in which we used rabbit's complement. In each instance henmolytic action was restored, but was not quite so powerful.
In the case of the third rabbit the experimiient was performed after the fourth inoculation. Haemolysis was complete in the presence of 12'6 per cent. of immune serum and very marked in a dilution of 126 per cent. With the highest dilution used (012 per cent.) it was slight but distinct. As a result of applying moist heat for fifteen minutes at 580 C. heamolytic action was not destroyed till the immune serum content was reduced to below 50'6 per cent.
One rabbit was treated with injections of cat's red corpuscles (5 per cent. suspension in 0 85 per cent. sodium chloride solution, as used in all instances). The action of this immune serum was then tested on cat's red cells and the experiment was performed after the eighth inoculation. Haemolytic action was complete with an immune serum content of 12'6 per cent. and present in the highest dilution of 0 12 per cent. Moist heat acting for thirty minutes at 600 C. destroyed all hanmolytic action.
The Cytotoxic anzd H'wJiolytic Intvimie Sera Compared.
Attention has already beeil directed to the greatly increased heemolytic action of all the immune rabbits' sera on guinea-pigs' red cells as compared with that of untreated rabbits' serum on the same cells. Both cytotoxic and heemolytic immune sera produced heemolysis in the higher dilutions of 2 5 per cent. to 0 12 per cent. It was only the fact that the heemolytic immune sera produced a greater degree of hmemolysis in these high dilutions that proved them rather the more potent.
The important point which these experiments in vitro have brought out is that if we immunize a rabbit against guinea-pig's splenic cells, i.e., if we endeavour to produce a specific splenic cytotoxin for guineapigs, we obtain a serum which is powerfully haemolytic for guinea-pig's red cells int vitro.
It will be remembered that the cats' spleens were washed free froni blood as far as possible previous to being pounded up for inoculation into the immune rabbit. Yet, nevertheless, we obtained a " rabbit-cat" splenic cytotoxic serum which was powerfully hamolytic for cats' red cells.' When we further allow for this observation having been made early in the course of the immunizing process it cannot be argued that the "rabbit-guinea-pig " splenic cytotoxic sera always owed their hai'molytic action to the red cells unavoidably injected along with the splenic emulsion; hence, whatever specific action such a cytotoxic serum might possess, there was no doubt that it was powerfully hamolytic-a fact which had to be reckoned with fromi the outset.
PHAGOCYTOSIS.
Just a few experiments were made with a view of testing the phagocytic power of normal washed human leucocytes on guinea-pig's red bloodcorpuscles in the presence of immunized rabbit's serum. It was found, both in the case of the haemolytic and of the cytotoxic immune serum, that phagocytosis was increased towards guinea-pig's red cells even when the serum was diluted as much as 1 part in 20. In control experiments with normal rabbit's serum phagocytosis was practically absent. In no instance were small mononuclear cells observed to be included by the polymorphonuclear cells in a similar set of experiments, when the red blood-corpuscles were replaced by an emulsion of guineapig's splenic cells. In all these experiments, although the hwemolytic power of the immnune sera was notable, at the same time phagocytic action was quite slight in comparison.
CONCLUSIONS.
(1) There is no evidence that the immune serum obtained by injecting splenic extracts into animals possessed any specific action either upon the spleen or upon the lymphoid tissues in general.
(2) The action of the splenotoxic serum was practically identical with the action of the haemolytic serum.
(3) The injection of splenic extracts, freed from blood, so far as it is possible to do so, yielded immune sera of undiminished haemolytic potency.
(4) Animals injected with either washed or unwashed blood-cells gave sera of identical properties.
I Normal rabbit's serum produced only very slight haemolysis of the cat's red cells when the content amounted to 12-6 per cent.
(5) Experiments conducted in vitro showed that the splenotoxic and henmolytic sera had almost equal power to haemolyse red bloodcorpuscles.
(6) Heated splenotoxic and haemolytic sera produced effects similar to those obtained with the untreated sera.
(7) The main effects upon the viscera of injecting these imlmune sera were:
(a) To produce widespread necrosis of epithelial cells, particularly in the liver and kidney.
(b) To bring about an extreme degree of fatty degeneration in the same viscera and, unlike diphtheritic toxin, to spare the heart muscle and diaphragm.
(c) To greatly distend the sinuses of the spleen with red bloodcorpuscles at the expense of the lymphoid tissue, leaving the Malpighian corpuscles comparatively unaltered, and to induce in the endothelial cells a high degree of phagocytosis for erythrocytes and blood-pigmiient.
(d) To cause the formation of areas in the lymph-glands of the mesentery and groin of similar histological appearance to the changes observed in the spleen, that is to say, a production of the so-called " hmmolymph " glands.
DISCUSSION.
The PRESIDENT (Mr. Shattock) remarked that some of the questions raised by the contribution were very embarrassing. Since the haemolytic serum was not specific, on how many tissues did it positively act and produce necrosis ? It looked as though the red blood-cell was in reality a highly complex structure, or rather, perhaps, that it held in the meshes of its stroma a complex fluid in which all the constituents of the body were represented, as if it were a carrier of fluid containing extracts of all the body-cells. Another curious point which the experiments brought out was the resistance of the Malpighian bodies to the action of the splenotoxic serum. Lymphocytes were particularly hardy cells. Some years ago, when he was working with Mr. Ballance on the subject of cancer, they used to place small pieces of recently excised carcinomata into test tubes of serum, and allow them to remain for long periods, at the end of which the fragments were examined by means of microscopic sections. In the sections of such macerated (sterile) tissue, although the general cells failed to take any stains, the nuclei of the lymphocytes stained so well that at one time they thought they were dealing with living parasites which had survived in the necrotic tissue.
Dr. BOLTON asked whether Mr. Dudgeon said that when he saturated haemolytic serum with blood-corpuscles and injected it into animals, the results were the same as when untreated serum was injected. Also, did they test in vitro to see if the serum was hamolytic ? In his own experiments he had found that all the tissues of the body would remove the haemolytic amboceptor except the stomach, and on injecting the gastrotoxin treated with stomach-cells into the guinea-pig it had no effect. It was a surprise to him hat the blood could not be washed out from the spleen by introducing a cannula into the thoracic aorta, since the same could be done via the jugular vein. Dr. PARKES WEBER asked whether there was real jaundice present in the animals experimented on. He suspected that in some cases of chronic (slight) acholuric jaundice in human beings with splenomegaly it was not invariably possible to demonstrate bile-pigment in the blood-plasma.
